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followin';  Is  a  translation  of  an  article  by 
•J.F,  Ed  1  'mi  in  t»;e  ita3 ai an -language  periodical 
Vqprosy  Filosofli  ^Questions  of  Philoscp^J, 

Ho.  12,  ISO 2,  pp. 

1.  l.odern  society  has  reached  a  phase  In  its  development  such  that 
the  problem,  of  interaction  between  society  and  nature  is  acquiring  a 
r.ajor  importance  for  mankind. 

Ian  has  always  taker  from  nature  the  resources  he  required  — 
cr-e.  :;,  materials,  food  substances.  For  a  long  time,  he  utilised  only 
an  insignificant  partaor  of  his  natural  wealth  and  could  therefore  use 
nature  without  coneerrdn;  himself  about  the  restoration  of  its  resources. 

The  present  level  of  technical  sophistication  and  the  scale  of 
modern  society's  economic  activity  perrit  only  these  means  of  utilising 
nature  which  allow  the  regeneration  of  natural  resources.  Further  social 
progress  and  expansion  of  social  activity  is  possible  ©rl^  if  the  pro¬ 
ductivity  of  nature  is  increased.  Frcm  a  life-supporting  emiroment 
and  a  storehouse  of  riches,  nature  rust  become  the  object  of  a  scientif¬ 
ically-based  economic  activity. 

Thus  tli.:  transformation  of  nature  and  the  means  of  increasli^s  its 


irc-ductiveness  beoone  one  of  the  central  problems  in  selenos. 


(  2.  The  problem  of  the  tranaf ormation  of  nature  la  related  alwfaTJ 

all  to  the  energy  requirements  of  man. 

Kan,  as  ary  other  organism,  must  draw  on  hla  enrvlronaent  the  neces¬ 
sary  energy  to  support  Ills  existence.  Not  all  forms  of  energy,  however, 
are  accepcj.blo  to  man.  Only  energy  vhieh  haa  bean  stored  and  trans- 
fern  ed  by  Using  substance  In  the  biosphere  can  be  directly  accepted 
by  the  human  organism.  Ibue  the  biosphere  is  the  only  channel  by  which 
energy  from  the  environment  enters  the  human  body. 

In  drawing  energy  from  the  biosphere  by  means  of  direct  bidogioal 
activity,  man  regelates  the  supply  of  this  energy  through  socially 
organised  scenario  activity,  using  technical  facilities  and  artificial 
energy  sources,  by  his  economic  activity,  man  acts  on  nature  and  in¬ 
creases  the  supply  of  energy  in  the  living  matter  of  the  biosphere,  and 
regulates  the  energy  flew  into  society.  As  the  capacity  of  artificial 
energy  sources  Increases,  mankind  will  be  forced  to  use  the  biosphere 
more  and  mere  as  a  converter  of  energy  fraa  artificial  sources  into 
biotic  energy,  i.s..  Into  the  chemical  energy  of  organic  compounds  which 
can  be  admitted  into  the  organism.  In  this  fashion,  artificial  energy 
sources  eld  man  in  increasing  the  output  of  energy  from  the  biosphere, 
but  do  not  alter  his  requirements  of  energy  from  biotic  sources  and 


do  riot  jaake  nan  independent  of  the  biosphere. 

3.  Kflgulatlcn  growth  and  increased  conatnptdon  will  make  necessary 
greater  and  greater  quantities  of  energy  stared  in  the  biosphere.  In 
the  next  several  decades  the  search  for  new  sources  of  this  energy  will 
{bacons  one  of  the  most  essential  tasks  of  acicnos  and  tsahnology.  In  j 


# 
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(certain  domains  of  the  biosphere  this  task  is  even  n m  of  great  import- 1 


arc  3. 

The  o’  „  cf  way  of  accompli  ailing  tills  task  is  the  tr ansf  oimati cn  of 

nature  lith  the  aim  of  increasing  the  energy  output  of  the  biosphere 

and  of  the  biosphere's  supply  of  energy  forms  necessary'  for  nan.  This 

requires  interference  by  nan  Hitfc  the  growth  of  living  natter  on  Barth 

by  l  eans  of  tie  cre-tion  of  new  fcir.s  of  organ!  sjr>G  having  certain  pre- 

deterrined  cirpr.icteristS  cs  and  the  population  of  the  globe  with  these 

organisms. ,  •  I3aw  organisms  or  new  hybrid  organisms  will  require  new 

environrcntal  conditions  for  their  own  existence.  To  a  significant 

extent^  tiesc  cord!  tiers  will  be  created  and  maintained  through  constant 

or  periodic  artificial  r. odificaticn  of  the  physical  state  and  Chernies! 

properties  of  the  environment.  There  will  cose  a  tine  when  nan-made 

nature  and  the  artificial  devices  which  will  influence  it  will  Und 

into  a  unif  ied  vhAo.  having  begun  with  a  transformation  of  nature, 

ran  will  ultimately  be  obliged  to  create  an  essentially  new  biosphere 

consisting  of  the  pliysi cal  environment,  the  organisms  rbich  populate  it, 

and  artificial  devices  which  have  been  introduced  into  nature  to  control 

the  phj  3ical  environnent  ant’  which  in  great  measure  create  the  latter. 

# 

Cf  course,  another  solution  of  the  problem  i3  also  logically  con¬ 
ceivable  j  the  creation  of  a  system  of  devices  which  would  be  eet  up 
on  the  for tli's  surface  and  which  would  completely  replace  the  biosphere) 
that  is,  these  devices  would  take  energy  fran  external  sources  and 
oocvert  it  to  forms  which  earn  be  utilised  by  the  human  organise.  However, 
[the  practical  advantages  of  such  a  solution  are  not  dear  anl,  besides, j 
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jits  possibility  in  principle  is  very  doubtful  end  requires  Convincing | 
proof,  indeed,  a  system  of.  artificial  devices  to  replace  the  biosphere 
vi  11  probably  turn  out  to  be  more  ocnplex  and  less  practical  than  a 
biosphere  which,  although  re-made  by  man,  is  nevertheless  perfected 
naturally  in  the  course  of  a  long  development  end  evolution, 

However,  even  if  such  a  solution  is  possible  in  principle  and 
feasible  on  sqm  vpry  high  level  of  technology,  conditions  of  life  will 
necessitate  beforehand  a  recourse  to  the  first  alternative  —  the  creation 
of  a  new  biosphere  through  the  transformation  of  the  existing  one. 

Mankind  began  to  avail  itself  of  this  possibility  on  a  negligible 
scale  many  centuries  ago,  cultivating  the  sail  and  sowing  plants, 
and  also  by  breeding  domestic  finimals.  We  mjy  expect  that  in  the  next 
few  decades  very  effective  ways  of  transforming  the  biosphere  will 
be  found,  and  that  by  the  end  of  the  century  man  will  control  the  bio¬ 
sphere  on  a  continental  scale,  if  not  on  a  global  one. 

U.  It  was  pointed  out  above  that  the  transformation  of  nature 
and  the  creation  of  a  new  biosphere  by  man  can  net  be  achieved  simply 
by  a  modification  of  the  composition  and  properties  of  living  matter. 


The  solution  of  the  problem  will  inevitably  require  an  artificial 
transformation  of  the  physical  and  geographic  aspects  cf  the  environ¬ 
ment,  as  well  as  a  modification  of  geophysical  phenomena  in  large 
areas,  literati  on  cf  the  physical  and  geographic  parameters  of  the 
environment  and  changes  in  geophysical  phenomena  will  be  brought  about 

I 

in  the  following  ways*  creation  of  artificial'  reservoirs)  irrigation 
jef  deserts j  reclamation  of  swamp  territories)  elimination  or  allsyj-  ] 
ation  of  permanent  frost)  amelioration  of  soils  and  enhsnesr.snt  of 


[their  fertility;  increasing  the  yield  of  forest  areas,  particularly  1 
in  northern  regions;  changing  the  course  or  hydrological  conditions 
of  rivers;  changing  or  redistributing  the  influx  of  sder  energy  into 
the  biosphere;  oontrol  of  precipitation  through  interference  with  deed 
formations. 

.slso,  the  environment  can  be  altered  by  introducing  man-made 


rav  ccmpcre  nta  late  it,  such  ss  artificial  reservoirs ,  dsns,  and  power* 
ful  water-pvssping  installatioos,  underground  heaters  for  warming  the 
soil  (on  the  principle  by  vftLoh  bairfac#  soil  reoeives  heat  from  below), 
artificial  sources  cf  light  for  influencing  forests  aund  other  forms 
of  vegetation  by  increasing  the  duration  of  daylight,  etc. 

In  the  foreseeable  future,  the  surface  of  the  Barth,  the  atmosphere, 


hydrosphere,  and  biosphere  will  be  ao  full  cf 


devices  and 


constructions  f  large  slsa  that  the  Barth 'a  envelopes  will  acquire 
new  dimenaicne  cf  reality  and  will  be  si&jeot  to  special  laws  yet  un¬ 
known  to  ue.  To  predict  these  laws  even  in  vague  terms  is  the  new  and 


very  important  task  of  natural  and  earth  aelanoaa.  Therefore,  sciences 
width  deal  with  pbsneaiena  on  the  Barth's  surface  and  in, the  biosphere 
— i.e.,  geophysics,  geochemistry,  geognphy,  plant  and  ant  a  si  ecology, 
forestry,  etc.—  face  in  the  near  future  a  traimmutati on  into  a  c emplane 
of  active  sciences  whose  purpose  is  to  tranefoni  nature  in  accordance 
with  the  best  interests  of  mankind.  This  will  .require  philosophical 
discoveries  of  new  orientations  in  the  natural  adenose  and  in  the 
methodological  approach  to  new  kinds  of  problems. 

|  Certain  characteristics  cf  these  new  problems  can  already  be 
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r~~  ~n 

jd£SC  j.'v  t)«d  at  present.  • 

5.  In  considering  the  possible  new  character  of  sciences  braving 
to  do  with  the  Earth* s  envelopes,  it  is  necessary  to  point  out  the 
folloiar*:  at  the  very  outset:  from,  studies  of  nature  as  it  is,  we  must 
turn  to  the  planning  of  a  new  and  mere  perfect  nature  which  is  required 
by  r/iankintt.  Thence  steps  the  primary  task  of  natural  science#  in  their 
active  arpeoti  the  ability  net  only  to  disclose  -tie  laws  of  the  behavior 
of  an  existing  nature,  but  also  to  foresee  the  lava  which  will  govern 
a  projected  nature  which  has  not  Jfet  been  created.  If  we  lack  means 
to  accomplish  such  a  task,  V*  cannot  even  begin  ary  aubstential  trans¬ 
formation  of  nature. 

It  should  be  also  burr*  in  rind  that  the  accumulation  a?  knowledge 
in  sciences  rf  the  Earth's  envelopes  is  insufficient  for  the  solution 
cf  the  problem.  He  directions  in  which  these  sciences  ha\  ^  developed 
in  ths  pact  were  determined  by  other  goals.  To  achieve  new  goals,  it 
is  absolutely  necessary  to  re- orient  the  earth  sciences. 

Let  us  examine  this  question  in  more  detail. 

kary  physical  and  chemical  laws  and  relationdiips  are  universal, 
or  invariant,  in  the  sense  that  they  are  JceAtfiMdent  of  configurations 
of  nattar .  Such  relati  onsliips  describe-  the  nature  cf  phenomena  as  such 
regardless  cf  the  system  in  ;Mch  they  take  place.  The  general  lavs  of 
physics  and  cherAsfcry  reflect  or  express  just  this  kind  of  invariant 
relationship.  Thus,  for  example,  no  matter  where  the  formation  of 
water  out  of  oxygon  and  hydrogen  takes  place,  for  one  atom  of  <E.y;;en 
|here  are  always  two  atoms  of  hydrogen;  wherever  mechanical  energy  uJ 
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jconv'srted  into  thermal  erior^y,  cult’s  la;;  is  always  satisfied, 
but  these  relationships  are  by  no  reans  the  onlj  kind  which  obtains 
in  Die  universe  or  ratter.  I. any  relationships  depend  not  onl;  on  the 
nature  of  p‘  enomena  they  describe,  but  also  on  the  structure  a  nr: 
or  rand  arti  cr-  of  the  system  cf  r  ?.tter  in  question*  In  nr.ture  as  well 
as  in  machines  there  raj-  be  specific  oxsarf aattcnol,  structural,  and 
other  Ians  t,f  or  example,  a  direct  and  inverse  1®;  ir.  djnarjc  systems) 
in  addition  to  mechanical,  physical,  and  c.  erical  laws.  A  ;;reat  an.otint 
of  attention  is  nev  beii.f  devoted  tc  the  stud;  cf  such  umsual  laws, 
parti;  by  virtue  of  the  development  of  cybernetics. 

The  general  laws  of  nature  are  unique,  whereas  actual  s; stems  of 
matter  have  individual  properties  unique  to  ther,  selves  w  del;  serve  to 
define  ther.  Hiis  disti  nc tj  on  stars  frer  the  fact  that  the  structure 
ox  such  systems  and  the  interactions  «.or>;  their  ccrponents  impose 
certain  restrictions  on  tic  applicability  of  natural  laws,  and  ~ive 
id  se  to  additional  relatdor.shi  s  between  phenomena  occurring  in  the 
ssp  stems.  It  is  proper  tc  call  such  relationships  " structural"  or 
li or  aniaati oral 11 .  They  -re  of  cnoxrous  importance  in  technology,  but 
i\n  no  less  essential  to  objects  and  environments  in  nature  as  veil, 
f: 3  scientific  definition  of  ary  real  object  is  in  fact  deteirlned  by 
the  structural  and  organizational  relationships  W  ich  hold  in  that 


v  object. 

Turning,  for  example ,  to  geophysics,  we  rust  an;  that  this  science 
docs  not  consist  chi  oil;  of  the  application  of  the  general  I0W3  of 


pi ij  sics  to  the  3tudy  of  phencr.enn  cr.  the  surface  and  in  the  i  uteri  or  | 


|of  the  Earth,  but  rather  of  the  investigation  of .  structure!  and  1 
organisational  ralationahipa  between  the  geophysical  phenomena.  this 
is  equally  applicable  to  the  relatively  autonomous  regions  of  the 
physioo -geo graphical  envelope  and  to  the  globe  as  a  whole. 

We  know  that  If  we  alter  the  natural  ohareeteriatlos  Of  «  given 
territory'  by,  for  example,  planting  a  forest,  drying  swamps,  building 
artificial  water  fcsesrvolrs  or  vaterebeds,  change  the  cloud-formation 
proees see  or  the  precipitation  rate,  Modify  the  snowfall  or  eooelerate 
the  melting  of  enow  in  springtime,  etc.,  we  will  subetantially  change 
the  oourse  of  geophysical  prooeseea  and  the  etate  of  the  phyaico- 
geographio  envlroment.  However,  theae  ohengea  oannot  be  in  ary  way 

'  explained  by  the  physical,  chart oal,  biolcgioal  or  other  laws  of  nature. 

% 

Even  after  the  above  hypothetical  Changes  have  taken  place,  theae  laws 
will  remain  the  ssne,  but  the  phenomena  will  be  different.  Thle  le 
because  there  will  have  been  a  change  in  Hie  organisational  relation¬ 
ships  between  phenanena,  depending  on  the  constitution  of  the  mctcrtd 
envlroment  in  vhloh  the  phenomena  are  occurring. 

In  mcaotly  ttu«  earn  way,  if  the  distribution  of  oodans  and  dry 
land  an  Earth  is  altered,  the  phyaloal  lmtt  which  govern  geophysical 
phenonana  on  the  Earth's  surface  will  remain  unohanged.  ‘  At  the  same 
time,  atmospheric  circulation,  the  ice -content  of  northern  saas,  oeetn 
currents,  the  distribution  and  assess tion  i  of  heat  in  the  atmosphere, 
the  planet's  moisture  oycle,  etc.,  will  beocme  considerably  different. 
New  relatlonehipe  will  arise,  engendered  by  the  new  structure  of  the 
j Barth's  surface  and  not  by  a  modification  of  the  phyaloal  lmra.  j 


s 


f"”*  Ths  planat  u  *  whole  eleo  hae’  epedfio  structural  and  organdie-  ] 
tdonal  law*  ahldh  etam  trot,  it*  division  into  oonoantrio  geoapharea 
w'doh  eonalat  of  hard  aubatanoae,  water ,  and  gas**.  It  i*  In  ths  study 
of  tha  organisational  and  structural  ralatioMhipa  batwaan  phyeloal 
processes  in  tha  Sarth'a  envelopes  that  ths  raal  substance  of  geophysics 
lies,  and  not  in  ths  mereappllcatlon  of  phyeloa  and  phyeloal  laws. 

At  ths  am*  tins,  It  Is  naoeesary  to  point  out  anphatic-lly  that 
th*  study  of  sueh  relationships  is  at  prsssnt  ths  vsak  point  of  gso- 
phyaioa.  lha  lnddaquasy  of  knowlsdgs  lh  thia  flald  slew  it  impossible 
for  us  to  f orssss  possibls  ohwngss  In  elimate  and  geophyaioal  phenomena 
whlop  oan  taka  plans  aftsr  sows  acre  or  lass  coctenslrs  modifiostion  of 
hydrc-esetaorcQlogloal  preosssis  or  seen  aftsr  an  artificial  transfom- 
ation  of  tha  phyaloo-gsqgraphlo  emrl  foment. 

An  lntanaifloatlon  of  rssaarsh  in  this  field  ie  Aeclutely  necessary 
if  s  transformation  of  nature  is  to  bs  achieved*  Indeed,  in  striving ' 
to  Sclavs  suoh  s  trsnsfoxnatien  ws  ssmot  count  on  ohsngsa  in  pfcyaleal 

shd  other  kinds  of  lawsi  flush  ehaagss  art  lapceslble.  Ths  otiLy  naans 

% 

to  auoh  a  transformation  is  an  alteration  of  tbs  sonstitution  of  nsturs 
—an  alteration  vhioh  will  give  riss  to  ths  dssirsd  nsw  relationships 
batwaan  phsnonsna  whloh  tales  plans  aftsr  tbs  fl&isrttian.  A  dslibsrsts 
sslsetion  of  moans  to  ths  transformation  of  nsturs  will  rsqulrs  ths 
construction  of  thsoiiss  of  transformation  and,  probably,  aagporinantal 
tasting  under  natural  sondltions  in  large  areas  specially  salsotad. 

6.  1st  us  new  touoh  on  ths  othsr  aids  of  tha  qusstiona  ws  haws 
£aan  oonsidaxing. 


9 


r  In  natural  phenomena,  it  is  r.ot  so  muc.  the  form,  taken  by  itself ,  J 
of  the  reverent  of  ratter  (a  given  form  of  reverent  is  rarely  encountered 
in  a  pure  state)  which  is  of  importance,  as  tJie  laws  of  interaction 
and  inter-relation  among.  various  f err- s  cf  movement  (in  biology,  for 
exar.-le,  tic  i;:utual  interaction  between  the  environment  and  the  organism) . 

T-u  s  general  notic-n  has  a  direct  bearing  on  the  problem  of  the 
transf omaticn  cf  nature. 

It  was  stated  above  that  the  primary  goal  of  a  transformation  cf 

t 

t  r.ture  is  the  refinement  and  improvement  cf  ■(he  biosphere  (or  the  creation 
of  a  new  biosphere)  such  that  there  will  be  an  increased  inflow  cf 
usable  energy  of  biogenic  origin  frer.  nature  into  society.  But  the  bio¬ 
sphere  represents  a  complex,  composite  object  in  which  the  physical 
enviroiment  and  ldvin.  substances  are  inseparably  entwined  in  a  single 
system.  Die  origination  cf  pr.encr.ena  in  the  biosphere  is  not  dstendned 
by  physical  laws  or  by  the  plenties  of  biological  farms  of  movement, 
if  theoe  two  are  considered  separate!;'  and  independent  of  each  ether. 

Ihc  basic  character  of  the  tic-sphere  is  that  it  is  governed  b;  lws 
which  desert  be  the  interaction  between  the  physical  and  biological  forms 
of  movement.  Cn  one  hanu,  living  natter  to  a  considerable  extent  de¬ 
termines  the  micro -climate  and  geophysical,  conditions  in  the  habitat 
of  organisms,  and  on  tho  other  hand,  it  is  wall  known  that  the  activity 
cf  oryanisnt  and  the  structure  of  cell  aggregates  depend  on  physical 


conditions.  It  is  precisely  these  inter-relations  which  determine 
t-\e  chief  feature  of  the  biosphere  —  the  fact  thfct  it  is  a  self- 
jrcgulati  n;;  system.  Closed  loops  of  interaction  between  the  physical  j 


jerivi  roiment  and  living  substances  underlie  tba  self -regulation  of  the| 
bd  osphere. 

Therefore,  the  unification  of  several  branches  of  geophysics  with 
biogeogrephy  and  macro-ecology  ^orig.  i  biotaenologiys7  on  the  basis  of 
certain  notions  of  cybernetics  represents  an  important  research  area  in 
the  development  of  a  theory  of  biospheric  self -regulation  and  in 
establishing  scientific  grounds  coir  for  a  practloal  affort  to  transform 
nature.  In  short,  it  is  necessary  to  create  a  new  direction  in  scientif¬ 
ic  research,  which  nay  be  called  "biophysios  of  nature"  or  "tdogeo- 
physics11. 


?.  The  converge  ns  of  energy  in  the  td  osphere  have  long  been  of 
interest  to  scientists.  The  biospaere  has  the  peculiar  structural 


characteristic  that  it  is  a  system  of  matter  whose  ccnpcnents,  in  ad¬ 
dition  to  physical  objects,  include  living  substances.  These  living 
substances  impart  certain  characteristics  to  energy  phenomena  in  the 
bi osphere i  these  characteristics  must  be  studied  carefully . 

iiobert  Kayer,  to  whom  the  discovery  of  the  law  of  conservation 
of  energy  is  due,  was  the  first  to  note  th.-t  the  pres;  nee  of  vegetation 
on  the  Harth  exerts  an  enomefcs  influence  on  energy  transfer  in  nature. 

The  Ear tli's  vegetation  is  the  natural  medium  through  which  usable 
forr  a  of  energy  enter  from  the  biosphere,  and  in  which  this  energy,  is 
stored,  however,  the  influence  of  Uvirc  substance  on  biospheric  energy 
processes  is  not  limited  merely  to  the  storage  of  aKternally-genersted 


energy.  7*1.  Vernads&y,  who  has  made  penetrating  studies  of  the  role 
{of  living  substances  In  physical  and  chemical  phenomena  In  nature, 


jnotec.;,  :r,  extending  th-  iceas  of  Ksyer  and  others,  that  masses  of  *""""] 
liviii;:  subct-uices  not  only  store  energy,  but  also  release  energy  to 
t  -cir  immediate  environment.  Ihe  appearance  and  growth  of  the  Barth's 
bjosph.f-re  with  its  living  wetter,  atmosphere,  and  soils  should  be 
considered  with  respect  to "energy  as  an  emergence  of  a  large-scale 
process  of  gradual  storage  of  usable  energy  in  the  outer  envelope  of 
the  plinet,  and  in  turn  as  a  process  of  a  reduction  in  the  “generation” 
of  r.c-r.-usable,-  ncn-convcrtible,  forms  of  energy  on  the  darth.  It  is  in 
this  sense  that  tie  biosphere  car.  be  interpreted  as  having  an  entropy- 
cons  erring  or  "neg-entrcpic"  character. 

3?  course,  all  biospheric  energy  processes  occurring  at  a  given 
'.orient  or  over  periods  of  geological  time  obey  the  laws  of  thermo¬ 
dynamics.  however,  the  conventional  laws  of  thermodjTiard.es  are  not 
by  tier-selves  suffici entfor  a  sci entil'ic  analysis  of  these  processes. 
The  living  natter  of  the  biosphere  forms  the  system  by  means  of  which 
a  unique  interaction  trikes  place  between  energy  and  the  (predictive) 
information  contained  in  natural  phenomena.  We  will  not  dwell  on  the 
detailed  nature  of  this  Interaction  here,  but  will  note  that  an  aug- 

nentai. on  of  tie'  principles  of  tliemodynamios  with  the  notlong  of 

* 

information  theory  can  yield  the  logical  tools  necessary  for  the  eon- 
structi  on  of  a  comprehensive  theory  of  energy  phenomena  in  material 
systems  which  Include  living  substances  —end,  consequently,  in  the 
biosphere. 

£.  We  have  dealt  chiefly  with  the  theoretical  problems  associated 
jrdth  the  general  problem  of  the  transformation  of  nature.  J 
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|  Those  sciences  which  arc  related  to  the  problem  of  the  • trans-  “1 
formation  of  nature  roust  turn ,  from  the  description  of  nature  and  the 
classification  of  its  resources*  to  the  planning  of  nature.  Until  the 
pr*.  sont,  such  a  problem  was  almost  beyond  the  scope  of  the  natural 
and  earth  sciences;  their  development  was  only  to  a  small  extent  direct¬ 
ed  to  that  coal .  It  seer.s  that  the  importance  of  theory  in  the  trans - 
f  oinati  op -of  -nature  problem  bee  ones  very  ;;reut;  the  criteria  for  the 
construction  of  such  theory-  are  essentially  new,  vis.,  the  ability  not 
only  to  explain  phenanena,  but  also  necessarily  to  predict  with  hi £h 
reliability-  Hie  course  of  the  same  phenomena  under  new,  not  yet  empiric¬ 
ally  -ob a  rved  conditions.  Science  hae  very  little  right  to  take  risks 
and  make  mistakes  in  these  questions;  it  is  impossible  to  try  out  one 
me the  u  of  transforming  nature  and  then  to  turn  to  another  method  if  the 
first  fails  to  work.  Therefore,  it  is  necessary  to  have  a  theory’  of 
natural  processes  and  phenanena  which  will  be  able  to  predict  the  course 
of  the  latter  under  natural  conditions  which  have  never  before  existed, 
and  are  merely  envisioned.  Tliis  requires  a  fundamentally  new  level  of 
theoretical  sophistication,  which  the  natural  and  earth  sciences  do  net 
yet  have,  and  which  must  be  immediately  and  vigorously  sought.  The 
state  of  theoretical  knowledge,  in  our  opinion,  appears  to  be  the  bottle¬ 
neck  Jr  the  solution  o:?  the  trarsfi-rr’.ation-of -nature  problem.  By  this 
we  do  not  vdsh  to  imply  that  the  description  of  resources  and  the  study 
of  the  separate  components  of  nature  should  bo  relaxed.  These  activities 
are  necessary.  However,  such  urk  will  not  be  effective  if  it  is  not 
[accompanied  by  the  expansion  of  theoretical  knowledge  built  on  foundatipns 
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|wT5.oh  are  new  in  principle.  1 

Theoretical  knowledge  extended  in  connection  with  the  problem  of 
the  trarij ..  . rr-ntion  of  nature  must  shed  light  on  the  organisational 
relati  ons  between  phenomena  in  the  biosphere,  on  the  laws  of  its  self- 
re^ulaid  er..,  and  on  the  details  of  the  mechanisms  of  energy  conversions 
which  t -kc  place  in  it.  Such  knowledge  may  be  obtained  from  a  syn¬ 
thesis  of  concepts  developed  in  geophysics,  geochemistry,  geography, 
macro-ecology’,  forestry,  and  other  sciences,  employing  at  the  same 


tine  modem  ideas  about  self-regulating  and  self -struc turd n.?  systems . 

In  conclusion,  it  is  necessary  to  emphasise  that  philosopher*  and 
theoreticians  working  in  the  natural  and  earth  sciences  face  the  task 
of  solving  grave  methodological  problems  associated  with  the  develop- 

i 

went  of  new  approaches  to  the  solution  of  the  problems  which  are  arising, 
and  with  the  necessity  of  formulating  new  scientific  concepts. 


END 
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